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Abstract:
$WKRURXJKNQRZOHGJHRIC. mbilaIHHGLQJEHKDYLRULVQHFHVVDU\WRXQGHUVWDQG069
HSLGHPLRORJ\ DQG  WR EUHHGHIILFLHQWO\  IRU SODQW  UHVLVWDQFH  WR  WKH LQVHFW 7KLV ZLOO
FRQWULEXWHWRWKHLPSURYHPHQWRIWKHUHVLVWDQFHWRPDL]HVWUHDNGLVHDVH7KH069
WUDQVPLVVLRQHIILFLHQF\ RI C. mbila GHFUHDVHGRQVRPHPDL]H LQEUHGOLQHV IURP
,5$7    7KH  IHHGLQJ  DFWLYLW\  RI C.  mbila RQ  PDL]H  KDV  EHHQ  HOHFWURQLFDOO\
PRQLWRUHGXVLQJWKH'&V\VWHP FRPELQHGZLWKVLPXOWDQHRXVYLGHRILOPLQJ6LJQDO
FKDUDFWHUL]DWLRQ  ZDV  FDUULHG  RXW  ZLWK  WHPSRUDO  VSHFWUDO  DQG  WLPH  IUHTXHQF\
DQDO\VLV  7KH  FRPSOHWH  VW\OHW  SDWKZD\  ZDV  REWDLQHG  E\  RSWLFDO  DQG  HOHFWURQ
PLFURVFRS\REVHUYDWLRQVRIVHULDOVHFWLRQVRIWKHOHDIWLVVXHFRQWDLQLQJWKHLQVHUWHG
VW\OHWV%DVHGRQWKHVHWHFKQLTXHVVHYHQSDWWHUQVRIZDYHIRUPZHUHLGHQWLILHGDQG
JURXSHGLQWRILYHFODVVHV(DFKFODVVZDVFRUUHODWHGZLWKSODQWWLVVXHORFDOL]DWLRQ
DQGSUHVXPHGLQVHFWDFWLYLW\7KHUHZHUHHQRXJKGLVFULPLQDQWTXDQWLWDWLYHYDULDEOHV
LQ  VSHFWUDO  DQG  WHPSRUDO  DQDO\VLV  RI  GLJLWDO  GDWD  WR  SURFHHG   WR  DQ  DXWRPDWLF
FODVVLILFDWLRQ RI (3* JUDSKV 7KLV  VRIWZDUH ZLOO  KHOS  WR  FRPSDUH   UHVLVWDQW DQG
VXVFHSWLEOHPDL]HLQEUHGOLQHVE\WHVWLQJDODUJHQXPEHURISODQWV7KHSUHOLPLQDU\
UHVXOWVRIWKLVFRPSDULVRQDQGLWVHSLGHPLRORJLFDOLPSOLFDWLRQVDUHGLVFXVVHG
Introduction:
Cicadulina  mbila LV D PDMRU SHVW RI PDL]H  LQ $IULFD GXH WR  LWV DELOLW\  WR  WUDQVPLW
HIILFLHQWO\ PDL]HVWUHDN YLUXV  069  $ WKRURXJK NQRZOHGJHRI C.  mbila IHHGLQJ
EHKDYLRULVQHFHVVDU\WREUHHGHIILFLHQWO\IRUSODQWUHVLVWDQFHWRWKHLQVHFWLQRUGHUWR
LPSURYHWKHUHVLVWDQFHWRPDL]HVWUHDNGLVHDVH2QO\UHFHQWO\WKHIHHGLQJDFWLYLW\RI
C. mbila KDGEHHQHOHFWURQLFDOO\PRQLWRUHGXVLQJWKH$&V\VWHP0(6),1 et al. 
  RU  WKH  '&  V\VWHP  .,00,16  HW  %2648(3(5(=    +RZHYHU  WKH
GLIIHUHQW  ZDYHIRUP  SDWWHUQV  ZHUH  QRW  FRUUHODWHG  WR  WLVVXH  ORFDOLVDWLRQ    6RPH
UHVLVWDQFHZKLFKDIIHFWVHWWOLQJSURELQJDQGRYLSRVLWLRQEHKDYLRXURIC. mbilaZHUH
IRXQGHG  LQ  $IULFDQ  DQG  0DVFDUHQHV  JHQRW\SHV  .$,52 et  al    :H  KDYH
SUHYLRXVO\ GHPRQVWUDWHG WKDW  UHVLVWDQW PDWHULDO DJDLQVW C.  mbila H[LVW  LQ 5HXQLRQ
HFRW\SHV5(<1$8'5HVLVWDQFHDJDLQVWP. maidisDIIHFW009WUDQVPLVVLRQ
%8'8&$,WZRXOGEHLQWHUHVWLQJWRNQRZLIWKHUHVLVWDQFHDJDLQVWC. mbilaLV
HIILFLHQWHQRXJKWRDIIHFW069WUDQVPLVVLRQDWDQDFFXUDWHHSLGHPLRORJLFDOOHYHO
7KLVZRUNKDVWDUJHWV
 GHWHUPLQDWLRQRI  WKHHIIHFWRI WKHLQVHFWUHVLVWDQFHRQWKHWUDQVPLVVLRQ
HIILFLHQF\RI 069
FODVVLILFDWLRQRIWKHGLIIHUHQW(3*ZDYHIRUPVFRUUHODWHGZLWKFHOOORFDOLVDWLRQ
RIWKH VW\OHWVDQGLQVHFWDFWLYLW\
FKRLFHRIWKHUHSURGXFWLYHVSHFWUDODQGWHPSRUDOSDUDPHWHUVWRFKDUDFWHUL]H
WKH(3* ZDYHIRUP
DXWRPDWLRQRI(3*ZDYHIRUPUHFRJQLWLRQLQRUGHUWRXVHLWIRUEUHHGLQJ
FRPSDULVRQRIWKHIHHGLQJEHKDYLRURIYLUXOLIHURXVC. mbilaRQUHVLVWDQWDQG
VXVFHSWLEOH LQEUHGOLQHV
Materials and methods:
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9LUXVLVRODWH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3(7(56&+0,77 et alLQ
WKLV  YROXPH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7UDQVPLVVLRQVWXG\LQLQVHFWSURRIVFUHHQKRXVHV
7KHH[SHULPHQWDOGHVLJQFRQVLVWHGRIWZRFRPSOHWHUDQGRPL]HGUHSOLFDWLRQV(DFK
SORWKDGSODQWV'XULQJ,$3SODQWVZHUHFRYHUHGE\LQGLYLGXDOVPDOOFDJHV$WWKH
HQGRI WKH,$3DLQVHFWLFLGHZDVVSUD\HGRQWKHSODQWV3LSHURQ\OEX\WR[\GHDQG
S\UHWKULQV
(3*SURFHGXUH
7KHIHHGLQJDFWLYLW\RIC. mbilaRQPDL]HKDVEHHQHOHFWURQLFDOO\PRQLWRUHGXVLQJWKH
'&  V\VWHP  *LJD    DPSOLILHU  :DJHQLQJHQ  $JUL  8QLY   <RXQJ  IHPDOHV  ZHUH
PRQLWRUHGIRUKRXUVPLQLPXQDQGVLJQDOVZHUHFRQYHUWHG LQWRGLJLWDO GDWD7KH
DGXOWV ZHUH VLPXOWDQHRXVO\ YLGHRILOPHG WR YLVXDOL]HG KRQH\GHZH[FUHWLRQ 6LJQDO
FKDUDFWHUL]DWLRQ  ZDV  FDUULHG  RXW  DIWHU  FRQYHUWLQJ  LW  LQWR  GLJLWDO  GDWD  9LHZGDF
.KHLWOH\  ZLWK  WHPSRUDO  VSHFWUDO  VWDWLVWLF  DQG  WLPH  IUHTXHQF\  DQDO\VLV  7)YLHZ
0DWODE  7KH  VW\OHWV  ZHUH  DPSXWDWHG  E\  PLFURFDXWHU\  &$  6\QWHFK  GXULQJ
UHFRUGLQJRIHDFKVLJQDOFODVV7KHFRPSOHWHVW\OHWSDWKZD\ZDVREWDLQHGE\RSWLFDO
DQGHOHFWURQPLFURVFRS\3KLOOLSVREVHUYDWLRQVRIVHULDOVHFWLRQVRIWKHOHDIWLVVXH
FRQWDLQLQJWKHLQVHUWHGVW\OHWV7RREWDLQHGWKHFRPSOHWHVW\OHWSDWKZD\VHULDORSWLFDO
REVHUYDWLRQVRIVHPLWKLQFURVVVHFWLRQVZHUHPDGH:KHQWKHILUVWGDPDJLQJFHOORU
WKHVDOLYDU\VKHDWKKDVEHHQUHDFKVHULDOHOHFWURQPLFURVFRS\REVHUYDWLRQVRIXOWUD
WKLQFURVVVHFWLRQVZHUHPDGHXQWLOWKHREVHUYDWLRQRIWKHIHHGLQJSRLQW
Results and Discussion :
7UDQVPLVVLRQVWXG\LQVFUHHQKRXVH
,Q  WKH  WZR H[SHULPHQWV  WKH  SHUFHQWDJH  RI  LQIHFWHG  SODQW  ZHUH  VLJQLILFDQWO\  S  
GLIIHUHQW EHWZHHQWKHJHQRW\SHVDQGEHWZHHQ WKH LQRFXODWLRQFRQGLWLRQV
7KHSHUFHQWDJHRILQIHFWHGSODQWLQFUHDVHGVLJQLILFDQWO\ZLWKWKHLQFUHDVLQJRI WKH
QXPEHURILQVHFWVRUWKHGXUDWLRQRI,$3ERWKIRUWKHVXVFHSWLEOHFKHFN6DEULQDDQG
WKH  LQEUHG  OLQHV  $  '  '  1HYHUWKHOHVV   WKH  UHVLVWDQW  LQEUHG  OLQHV
UHTXLUHGDKLJKHUQXPEHURILQVHFWVRUDORQJHUGXUDWLRQRI,$3EHIRUHWKHFXUYHVRI
LQIHFWHG  SODQW  UHDFKHG  D  SODWHDX  ,Q  RXU  H[SHULPHQWDO  FRQGLWLRQV    KRXUV   RI
SUHVHQFH  RI C.  mbila RQ  WKH  SODQW  ZHUH  QHFHVVDU\  WR  REWDLQ  WKH  PD[LPXP
WUDQVPLVVLRQ  UDWH  RI  069   RQ  D  VXVFHSWLEOH  K\EULG  6R  D  UHVLVWDQFH  WR  069
WUDQVPLVVLRQFRXOGEHHIILFLHQWLQQDWXUDOFRQGLWLRQVSDUWLFXODUHO\LIPDL]HLVRQO\DQ
DOWHUQDWLYHKRVWSODQWRIC. mbila
&ODVVLILFDWLRQRI(3*ZDYHIRUP
6HYHQSDWWHUQVRIZDYHIRUPZHUHLGHQWLILHGDQGJURXSHGLQWRILYHFODVVHV7DEOH
&ODVVVLJQDODSSHDUHGDVVRRQDVWKHVW\OHWVSHQHWUDWHDOHDI,WZDVDFRPSOH[
VLJQDO  DV  VKRZQ  E\  WKH  ODUJH  VSHFWUDO  DUHD  EHWZHHQ    DQG    +]  7KH  PDLQ
IUHTXHQF\  ZDV  DURXQG    +]  DQG  ZDV  VLPLODU  WR  VDOLYDU\  SXPS  IUHTXHQF\  RI
Acyrthosiphon pisum7-$//,1*,,'XULQJWKLVVLJQDOWKHVW\OHWVZHUHJHQHUDOO\
ORFDOL]HGLQWKHPHVRSK\OOEXWDOVRLQYDVFXODUWLVVXHZKHQLWRFFXUHGEHWZHHQFODVV
DQGFODVVVLJQDOV2XUREVHUYDWLRQVVXJJHVWHGWKDWFODVVVLJQDOFRUUHVSRQGHG
WRVW\OHWDFWLYLWLHVDQGVKHDWKVDOLYDWLRQ7KHGLUHFWLQWUDFHOOXODUVW\OHWWUDFNH[SODLQHG
WKHVKRUWGXUDWLRQRIFODVVVLJQDO
7KHFODVVVLJQDOZDVDOZD\VSUHFHGHGE\DFODVVVLJQDO,WZDVDSHULRGLFVLJQDO
ZKRVHIXQGDPHQWDOZDVDURXQGK]YHU\VLPLODUWRFODVVVLJQDOIURP P. maidis
%8'8&$ et  al DQGWRSDWWHUQ*IURPDSKLGV7-$//,1*,, 'XULQJ
FODVVVLJQDOVWKHVW\OHWVZHUHREVHUYHGLQPHVRSK\OOFHOOVRULQ[\OHP&ODVV
VLJQDODOZD\VVWDUWHGE\DYHU\VKRUWSRWHQWLDOGURSZKLFKVXJJHVWHGWKHSLHUFLQJRID
QHZFHOORUYHVVHO :KHQ C. mbila ZDVIHHGLQJLQDPHVRSK\OO FHOOZHREVHUYHG
GDPDJHG  SODVPLF  PHPEUDQH  DQ  HPSW\  F\WRSODVP  DQG  VRPH  GHVRUJDQLVHG
FKORURSODVWVDGMDFHQWWRWKHIHHGLQJKROHVXJJHVWLQJDQDFWLYHLQJHVWLRQ)RUDSKLGV
SDWWHUQ*ZDVFRUUHODWHGZLWKDFWLYHLQJHVWLRQLQ[\OHPRQO\DQGLWZDVJHQHUDWHGE\
WKHHOHFWURPRWLYH IRUFHVRI PXVFOHVDFWLYDWLQJ WKHSKDU\QJHDO SXPS 7KHVLPLODU
IUHTXHQFLHVRIWKHVLJQDOVUHFRUGHGZLWKVWHUQRUU\QFKDDQGDXFKHQRUU\QFKDGXULQJ
WKHLUDFWLYHIHHGLQJLQWKHVDPHWLVVXHVVXJJHVWHGWKDWFODVVVLJQDOFRUUHVSRQG
DOVR  WR  WKH SKDU\QJHDO  PXVFXODU DFWLYLWLHV  RI C.  mbila C.  mbila SURGXFHG HLWKHU
QXPHURXVFODVVVLJQDOVRIVKRUWGXUDWLRQRUPQEHWZHHQFODVVVLJQDOVRUD
PRUH ORQJHUFODVV VLJQDO  XS WRPQZLWKH[FUHWLRQRI KRQH\GHZDQGRIWHQ
IROORZHGE\DFODVV VLJQDO 7KHGXUDWLRQVRI VLJQDOV DQG WKHLU VHTXHQFHFRXOG
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PXFK  PRUH  VDOLYDU\  PDWHULDO  LQ  WKH  SKORHP  FHOOV  ZKHQ  FRPSDUHG  WR  FODVV  
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DPDL]HJHQRW\SHWKDWZHEHOLHYHWREHVXVFHSWLEOHWRWKHLQVHFWLWSUHIHUVSKORHP
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DQDO\VLVRIWKHLQVHFWDFWLYLWLHVDQGVW\OHWVORFDOL]DWLRQGXULQJFODVVVLJQDOFRXOGEH
LPSRUWDQWIRUVWXG\LQJYDULHWDOUHVLVWDQFH
3URJUDPPDWLRQRIDVRIWZDUH WRDXWRPDWH(3*ZDYHIRUPUHFRJQLWLRQ 
&RPSDULVRQRIWKHIHHGLQJEHKDYLRURI  C. mbila  RQUHVLVWDQWDQGVXVFHSWLEOHLQEUHG 
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VW\OHW  SHQHWUDWLRQ  DQG SURGXFHG  FODVV    VLJQDO  PRUH  ODWHU  6DOLYDWLRQ  LQ  SKORHP
YHVVHOV  RFFXUUHG  GXULQJ  FODVV   VLJQDO  $V  VKRZQHG  E\ .,00,16 et %2648(
3(5(=   WKLV VLJQDO DSSHDUHQFH  LV QHFHVVDU\  WR  WUDQVPLW 069  7KLV  ILUVW
UHVXOWV  FRXOG  EH  UHODWHG  WR  SUHYLRXV  REVHUYDWLRQV  LQ  VFUHHQKRXVH  ZKHUH  ZH
GHPRQVWUDWHG WKDW C.  mbila QHHGHGD ORQJHU SHULRG  WR  WUDQVPLW 069 WR  UHVLVWDQW
LQEUHGOLQHV
Conclusions
$  ILUVW  FODVVLILFDWLRQ  RI C.  mbila (3*  ZDYHIRUPV  FRUUHODWHG  ZLWK  SODQW  WLVVXH
ORFDOLVDWLRQRIWKHVW\OHWVKDGEHHQHWDEOLVK,QWHUHVWLQJO\LWLVYHU\VLPLODUWRDSKLG
FODVVLILFDWLRQ  7KH  VSHFWUDO  DQG  WHPSRUDO  YDULDEOHV  DUH  GLVFULPLQDQW  HQRXJK  WR
SURFHHGWRDDXWRPDWLRQ RI (3*ZDYHIRUPUHFRJQLWLRQ$VRIWZDUHZLOO EHVRRQ
DFKLHYHGLQRUGHUWRXVHLWLQEUHHGLQJVFKHPHVIRULQVHFWUHVLVWDQFH7KHIHHGLQJ
EHKDYLRURI C. mbila RQVRPHLQEUHGOLQHV LVGLIIHUHQWHQRXJKWRGLVFULPLQDWHWKH
UHVLVWDQFHWRYLUXVWUDQVPLVVLRQZLWKWKLVWHFKQLTXH)XWKHUFRPSDULVRQVRIUHVLVWDQW
PDWHULDOZLOOEHFDUU\RQE\(3*WHVWVWRFRQILUPWKLVSUHOLPLQDU\UHVXOWV,WZLOOEH
DOVR XVH  WR  FKHFN  WKH VHOHFWLRQ RI   WKLV  UHVLVWDQFH  WR  WUDQVPLVVLRQ FKDUDFWHU  LQ
KRPR]\JRXVOLQHV7KHHIILFLHQF\RIWKLVV\VWHPRIUHVLVWDQFHLQRUGHUWRXVHLWLQ
EUHHGLQJ  SURJUDP   PXVW  EH  SUHYLRXVO\  VWXGLHG  LQ  GLIIHUHQW  HSLGHPLRORJLFDO
FRQGLWLRQV
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